In the present report some theoretical considerations were attempted concerning the effects of K+ concentrations on the resting potential, based upon the author's experimental results. Then the microelectrode is lowered and when, the tip touches the muscle the spot of c.r.o. moves slightly.
METHODS
By further lowering of a few 12, the electrode tip is pushed into the fibre and at the same time the spot of c.r.o. moves downward abruptly to level B. This is because the interior of the fibre membrane is negative in reference to its outside.
Then an induction shock is delivered to the muscle, and AP apears.
The peak of AP overshoots the A level. In almost all cases the electrode is dislodged by the contraction following the spike, and the second elevation of potential is observed.
But this does not disturb the main features of the action potential. A full course of action potential was observed in rare cases in which the electrode was not dislodged from the fibre ( fig. 2, b) . When the electrode tip escapes the fibre partially, the potential level does not return to the original A level, so the electrode was somewhat elevated after each stimulation in order to make sure if the new potential level D (see fig. 2 , a )is equal to the original A level. If D differed from A by more than 1 mV, the result of that measurement was discarded.
Normal values of RP and AP
There were some random variations in the measured potential values, more The mean value of the RP is 84.1 mV, maximum and minimum of the measured values being 92 and 75 mV. On the other hand, the mean value of the AP is 117.4 mV and that of the reversal potential is 33.0 mV. The maximal measured value of the AP is 134 mV and that of the reversal potential is 50 mV, and minimal ones are 101 and 15 mV respectively.
3. Relation between RP and AP Fig. 4 (a) demonstrates the relations between RP and AP, and (b) those between RP and the reversal potential.
In both RP are taken as abscissae. It is clearly seen from these figures that positive correlation exists between RP and AP (correlation coefficient is 0.93), while little correlation exists between RP and the reversal potential (correlation coefficient is 0.13).
4. Relation between RP and the external K+ concentration When the K+ concentration of Ringer solution bathing the muscle is raised, RP begins immediately to decrease and arrives at a new fixed potential level after three or five minutes, which in ordinary cases, is maintained almost constant with only a slight drop during a few hours.
The dots in fig. 5 (3, 4, 5) have presented the so called Sodium-theory of excitation, in which the reversal potential is said to be determined by the ratio of outside and inside concentrations of Na+. The results described above are well interpreted by these theories.
Relations between RP and external K+ concentration
The chemical compositions of the muscle fibre and its external medium have been well worked out by Boyle and Conway (6, 7). Schematically they are illustrated by the simple diagram in fig. 6 , where A-represents a group of organic anions. The membrane is known to be permeable to K+, so that to explain the large difference in concentration of this ion in both sides, it was supposed for a long time to be impermeable to both Na+ and Cl-. Conway (7) has shown, however, that the fibre-membrane is readily permeable to Cl-, and has explained the unequal distribution of K+ and Cl-as a result of Donnan equilibrium imposed by the organic anions within the fibre, to which the membrane is impermeable. Thus with a membrane permeable to K+, Cl-, HCO3-, and OH-, the distribution of these ions should follow the equation: (1) In an excised muscle which is immersed in normal Ringer, a large part of HCO3-within fibre exchanges with Cl-, but concerning K+ there is no movement across the membrane. Now the ratio of K+ concentration is equal to 126/2.5=50 which when substituted in the following equation:
The equilibrium potential of K+ becomes 99 mV. This calculated value is considerably higher than the actual RP which is 84 mV in this paper or 88 mV in Nastuk and Hodgkin. The system, however, is in thermodynamic equilibrium so long as the fibre-membrane is impermeable to Na+ as well as to organic anions, and if Na+ should invade the fibre, the equilibrium will be broken and K+ will leak out through the membrane. Actually, when an excised muscle is placed in a low K+ medium (2.5 mM etc.), there is a steady loss of this ion from the fibre, and the maintenance concentration of external K+ concerning excised muscles is said to be 29 mM (7) . Because such permeability of the membrane to Na+ works to decrease the RP, observed values of RP become lower than the calculated ones. In the region, however, in which external K+ concentration is higher, coincidence of calculated values and observed ones is expected, since the system is in equilibrium. Now when a muscle is immersed in the Ringer solutioos which contain higher K+ than normal, K+ does not enter the fibre, if it is assumed that the fibre-membrane is not premeable to both Na+ and Cl-, so that K+ concentration within the fibre remains unchanged. In such a case it is calculated from equation (2) that the potential changes 58 mV per ten-fold change of external K+ concentration.
Such a value does not fit the experimental one (ca. 45 mV). On the other hand, according to Conway's theory, an equal amount of K+ and Cl-should enter the fibre until the following equilibrium condition is reached. The concentration of K+ within the fibre when the muscle is equilibrated with the Ringer solution containing various amounts of K+ are calculated from this principle, and corresponding potential values are calculated from equation (2) . These results are shown in table 2. In these calculations the internal concentrations of K+ and Cl-equilibrated with the normal Ringer are assumed for the sake of simplicity, to be 120 and 2.5 mM respectively . In table 2, it is demonstrated that the calculations fit well with experimental values in the range where the external K+ concentration is higher than 10 mM . In fig. 5 the calculated values are shown by a line. Incidentally, when KCl enters the fibre in this way, the osmotic pressure of the inner fluid rises and as a result water is drawn in and the volume of the muscle increases (7) . It is not now clear whether this phenomenon has any effect on the potential value , but presumably its effect is not so large since it does not change the internal concentration of K + considerably . At all events, it is of much interest that a new equilibrium of ionic concentration is established within a few minutes after the external K+ concentration is increased. On the other hand, as is described in the results , recovery of RP after returning to a low external K+ concentration is a markedly slower process . This is presumably
